Abstract. We determined the importance of three landfills to a population of nesting Herring Gulls (Larus urgent&us, 3,250 pairs) on Lake Erie, Ohio, from May-July 1992. Fish was the dominant food ofadults and chicks throughout the study. Occurrence ofgarbage in the diet of adults and chicks remained low through chick-rearing then increased after fledging. Presence of telemetered adults at their nest sites decreased from incubation through post-fledging, in contrast to their increased presence at landfills during the same periods. Overall, females visited landfills more frequently and stayed longer than males; however, use of landfills by both sexes was minimal (~4% of total time) during all periods. Overall, gulls spent 43% and 4% of their time daily at the nest site and landfills, respectively. We estimate ?80% of the time remaining was spent on Lake Erie, presumably to forage. The estimated daily mean number of adult Herring Gulls at the landfills increased from incubation (143) to chick-rearing (723) to post-fledging (1,912). We estimate that 5-7%, 12-19%, and 35-55% of the adult nesting population was present at landfills at least once during incubation, chick-rearing, and post-fledging, respectively. The population turnover rate of adult Herring Gulls at one landfill decreased 50% from incubation and chick-rearing to postfledging. Significantly more gulls at the landfills were observed on areas other than exposed refuse and were not actively foraging, suggesting that landfills are important to Herring Gulls for other reasons such as loafing or social interaction. We conclude that landfills are unimportant to nesting Herring Gulls when alternate, higher quality food (e.g., fish) is available. The increased use of landfills by Herring Gulls during post-fledging, however, suggests that gull activity at landfills located near airports could dramatically affect aircraft safety during this time of year.
INTRODUCTION
a concurrent increase in conflicts with humans. These conflicts include transmission of pathogens and parasites through contamination of water sources (Mudge and Ferns 1982) damage to buildings (Bradley 1980 , Vermeer et al. 1988 , Belant 1993 , and a hazard to aircraft at airports (Blokpoel 1976 (Blokpoel , 1983 Dahl 1984; Sherigalin 1990) . Therefore, there is critical need for data on the influence of various types of landfills have on gull activity and the importance of landfills to gulls. of nests counted in each area was combined to obtain a total count of nests for the population.
We individually marked 110 three-egg clutches on TPI using 0.6-m wire surveying flags and checked them one to two times weekly until eggs had hatched, were destroyed, or considered abandoned or inviable (eggs not hatched 26 weeks after our initial visit). Nests on rooftops were also individually marked using wood blocks and monitored weekly using the same criteria. We defined hatch success as the number of eggs hatched divided by the total number of eggs laid for TPI and rooftops. Mean hatch date was estimated by interpolation based on the date of the previous check, the number of eggs that had hatched or were pipping, and the relative age of chicks (Kadlec et al. 1969 ). We defined the length ofincubation and chick-rearing periods as 28 and 42 days before and after mean hatch dates, respectively (Kadlec et al. 1969 , Drent 1970 , Haycock and Threlfall 1975 , Pierotti 1982 , Paynter 1949 ). Post-fledging data were collected through 31 July.
Food habits. We collected food remains and pellets of undigested material found 5 1 m from nests. Food remains and pellets were collected on TPI, rooftops, and breakwalls. We recorded date and location for each sample collected. Food items were collected once or twice each week from 4 May-14 July.
We also collected boli from chicks on TPI one to two times weekly. Chicks were captured opportunistically by hand or with a net. If a chick did not regurgitate upon capture, we inserted a finger into its proventriculus and removed the contents (Hunt 1972) . We recorded date, body mass, and age class (pre-fledging [age classes 1-3B] or fledging [age class 41, Kadlec et al. 1969) for each chick from which a bolus was obtained. Boli were stored in 80% ethyl alcohol until analyzed.
The contents of each sample were identified and initially classified into broad categories (fish, garbage, etc.). Except for pellets containing remains of fish, we identified boli and food remains to the lowest taxon possible using reference collections. Frequency of occurrence of each food type was recorded. Because mean hatch dates were not determined for gulls nesting on breakwalls, these data were excluded from analyses related to reproductive periods.
Capture and marking. During the censuses, a sample of adult Herring Gulls nesting on TPI and breakwalls were marked on their breast and abdominal feathers by applying 4-5 ml of a mixture of rhodamine-B dye and silica gel to one or three eggs of each clutch or by using a dummy egg (Belant and Seamans, in press). We applied the dye mixture to 535 clutches between 1 and 13 May, thus marking 16% of the nesting population. Because gulls were marked over a twoweek period, for data collected during observations conducted at the landfill (see below), we adjusted the proportion ofthe population of nesting gulls color-marked after each dye application.
We captured nesting Herring Gulls on TPI using walk-in traps (Weaver and Kadlec 1970 Observations at landfills. Observations were conducted at the Erie County Landfill by one or two individuals twice per week (from 07:00-12:00 or 12:00-17:00 hr) on randomly selected days. We divided the landfill into three areas: (1) exposed refuse, (2) partially covered refuse, and (3) non-refuse areas. Areas containing partially covered refuse correspond to "secondary feeding" areas described by Greig et al. (1985) . At the beginning of each hour, observers used binoculars to identify a group of known size (~200). The total population of gulls and the number of gulls in each of the three areas was estimated by counting the number of groups of the known size and multiplying by the group size. We usually conducted total counts when gull populations numbered ~500 individuals. Only gulls on or within 30 m of the ground were included in counts. The age and species composition of gulls (Grant 1986 ) at the landfill was determined by counting throughout each of the three areas 2 10% ofthe estimated population. The number ofadult Herring Gulls counted was extrapolated to the entire population to estimate the total number of adult Herring Gulls present. We also estimated the number of marked adult Herring Gulls present by counting the number of marked gulls observed from 2 10% of the adult Herring Gull population, counting only those gulls whose ventral surface was visible. Because of the limited longevity (4-5 weeks) of color-marks and mortality of eggs (Belant and Seamans, in press), data from color-marked gulls at the landfills were used only during incubation.
Immediately after each count, we determined the number of gulls flying to and from the landfill for 10 min to obtain estimates of ingress and egress (i.e., population turnover rates). To estimate the number of flying gulls which were adult Herring Gulls, we assumed that the proportion of flying gulls observed during a lo-min period that were adult Herring Gulls was equal to the proportion of adult Herring Gulls that were present at the landfill during the corresponding total population count.
After completing observations of flying gulls, observers selected 10 gulls from throughout one of the three predetermined areas. Each gull was observed for 5 set and the most prevalent behavior was recorded. Behavior categories used were: (1) foraging, (2) maintenance, (3) loafing or alert, (4) aggressive and (5) other. Upon completion of observations in one area, the sequence was repeated for the two remaining areas. If the behavior of a selected gull could not be observed for 5 set, behavior of the gull nearest the selected bird that was completely visible to the observer was recorded. Each series of observations (i.e., 5 30 gulls, 5 10 for each area) was separated by 3 min. This procedure was conducted three times.
Excluding behavior data, additional observations were conducted at the Erie County Landfill twice each day, five days per week. The twice daily observations were conducted at randomly selected times, one each during the morning and afternoon. Two of these observations were part of the two 5-hr observations periods conducted each week. Thus, we obtained 18 estimates of population turnover data and 18 total counts of adult Herring Gulls at the Erie County Landfill each week. We similarly conducted two to three observations per week at the Huron and Ottawa County landfills.
Populations turnover at IandJills. We estimated the mean daily number of individual adult Herring Gulls (G) that visited a landfill during incubation, chick-rearing, and post-fledging, using the formula:
where A4 is the mean number of adult Herring Gulls present per observation at the landfill from 07:00-l 7:00 hr during a reproductive period, h is the number of hours (10, a constant) within the range of time gulls were observed at the landfill (07:00-17:00), and D is the mean duration of visits recorded for telemetered Herring Gulls for each reproductive period. For example, during the incubation period, if A4 = 20 gulls (Table 6) and D = 1.4 hr (Table 5) , then G = 143 gulls (Table 6) We estimated the total number of individual adult Herring Gulls that used the landfills during a reproductive period (r) using the formula:
where V is the mean number of visits per gull each day (from radio telemetry data, Table 5 
RESULTS
Nesting population census and reproduction. We counted 3,250 gull nests in all areas: 1,918 on TPI, 1,026 on breakwalls, 176 on rooftops, 122 on coal piles, and eight in other areas. Hatch success of three-egg clutches on TPI (7 l%, n = 105 nests) was similar to hatch success of threeegg clutches on rooftops (62%, n = 138 nests, x2 = 1.14, 1 df, P > 0.10). Hatch success of eggs of telemetered gulls was also similar (62%, n = 15 nests, x2 = 0.24, 1 df, P > 0.50). Mean (*SD) hatch date for nests on TPI and rooftops was 19 May + 6 days and 30 May f 8 days, respectively; therefore, the respective chick-rearing period for TPI and rooftops was 20 May-30 June and 31 May-l 1 July.
Food habits. We collected 160 boli from chicks on TPI. Fish was the most frequently recorded item, followed by earthworms, plant material, and garbage (Table 1) . Occurrence of fish was higher (x2 = 7.02, 1 df, P < 0.01) for pre-fledging chicks (84%) than for fledged chicks (64%). Conversely, occurrence of garbage was higher (Fisher' s exact, P = 0.05) for fledged chicks (21%) than for pre-fledging chicks (8%). Plant material consisted primarily of red mulberry fruit, which coincided with the maturation of this fruit on TPI.
We collected 317 food remains from all locations. Fish was the most abundant item, followed by garbage (Table 1 ). The diet of gulls at TPI (n = 117) and rooftops (n = 106) was similar with one exception: occurrence of birds was greater (x2 = 8.23, 1 df, P < 0.05) at nests on rooftops (14%) than at nests on TPI (3%). Because occurrence of fish (72% vs. 72%) and garbage (18% vs. 17%) was similar (x2 < 0.01, 1 df, P > 0.90) between TPI and rooftops, respectively, data for these food items (n = 223) were pooled to compare among reproductive periods. Frequency of fish was lower (Fisher' s exact, P -C 0.0 1) during post-fledging (O%, n = 9) than during incubation (65%, n = 3 1) or chick-rearing (77%, n = 183). Frequency of fish was similar between incubation and chick rearing (x2 = 2.02, 1 df, P = 0.16). Percent occurrence of garbage was similar between incubation (3%, n = 3 1) and chickrearing (17%, n = 183, Fisher' s exact, P = 0.06); however, occurrence of garbage was greater (Fisher' s exact, P -C 0.01) during post-fledging (67%, n = 9) than during incubation or chickrearing.
Occurrence of garbage in boli obtained from chicks increased temporally, although occurrence of garbage did not exceed that of fish (Fig.  2) . The occurrence of garbage in food remains also increased temporally, however, its occurrence surpassed fish about 10 days before mean fledging. The increased occurrence of garbage and food remains corresponded with increasing occurrence of adult Herring Gulls at Erie County Landfill.
Of 542 pellets collected, 98% contained fish. With the exception of vegetation (8%) and fish, no other food item was represented in > 1% of pellets (Table 1) .
Nest-site attentiveness. Daily presence of males (X = 11.3 f 2.5 hr per day) and females (X = 9.3 -t 3.3 hr per day) at the nest site from May-July was similar (F = 2.98; 1,39 df; P = 0.09). Equitability of nest-site attendance remained constant among reproductive periods (F = 0.14; 2, 39 df; P = 0.87). Daily individual presence of teleme- (Table 4) . Loafing or alert posturing, followed by maintenance activities were the most prevalent behavior exhibited by gulls in areas other than exposed refuse. Foraging was the most prevalent (70% overall) behavior exhibited by gulls on exposed refuse and was infrequently observed in other areas. Frequency of aggressive behavior declined from open refuse to recently covered refuse to non-refuse areas. In areas of exposed refuse, occurrence of aggressive behavior appeared to be related to the number of birds present.
Gull abundance. On average, females spent more (F= 8.83; 1, 39 de P < 0.01) time (1.3 f 0.9 hr) each day at the landfill than did males (0.5 f 0.4 hr) which was constant among reproductive periods (F = 0.78; 2, 39 df; P = 0.47; Table 5 The mean number of adult Herring Gulls observed during each observation at the landfill increased from incubation to chick-rearing to post-fledging (F = 162.3; 2, 842 df; P < 0.01; Table 4 ). The number of gulls among exposed refuse, covered refuse, and non-refuse areas at the landfill also differed (F = 65.52; 2, 842 dc P < 0.01). The mean number of gulls observed on the recently covered refuse (n = 27) was less than the number observed on exposed refuse (n = 62) which was lower than the mean number observed in non-refuse areas (n = 130, Tukey test, P < 0.05). There was also an interaction of the nesting period and location effects (F = 40.21; 2, 842 de P < 0.01) with similar numbers of gulls observed on exposed and covered refuse during the incubation period in contrast to greater numbers of gulls observed on exposed refuse during chick-rearing and post-fledging periods.
The number ofgulls present in all areas increased through post-fledging; however, the number of gulls present in non-refuse areas increased at a rate 7 times greater than did the number of gulls observed on exposed refuse (Table 4) . Calculated from direct observations of gulls arriving and departing from the landfill. see methods creased substantially from incubation to chickrearing to post-fledging, representing a mean maximum of 2%, 1 lo/& and 29% of the nesting population, respectively (Table 6 ). The hourly population turnover rate of gulls at the landfill was about twice as fast during incubation and chick-rearing than during post-fledging. A maximum of 55% of the adult nesting population used the landfill at least once during post-fledging, as compared to 19% during chick-rearing and 7% during incubation. From observations of color-marked gulls during the incubation period, on average, we estimated that 10% of the adult Herring Gulls sampled at the landfill were marked. Therefore, approximately 63% ([ 1 OO%/ 16%] x 10%) of the adult Herring Gulls observed at the landfill during the incubation period were from the nesting colony. Multiplying this value (63%) by the mean number of gulls observed at the landfill at any one time during incubation (20) yields a mean of 13 adult Herring Gulls from the nesting colony present per observation at the landfill during incubation. We therefore estimate that during the incubation period, on average, 93 nesting Herring Gulls from the Sandusky Bay concentration used the landfill each day and 3 10 gulls used the landfill during the entire period. These values represent 1% and 5% of the nesting population. If we assume that the 63% of the population of gulls at the landfill during the incubation period were from the nesting colony applies to the proportion of gulls observed at the landfill during other periods, about 12% and 35% of the nesting population used the landfill during chick-rearing and post-fledging periods, respectively. Therefore, based on population estimate, color-marking, and radio telemetry data, minimum (from color-marking) and maximum (from radio telemetry) values for the proportion of nesting Herring Gulls using the landfill during incubation, chick-rearing, and post-fledging are 5-7%, 12-19%, and 35-55%, respectively.
We also divided observations into three time
During incubation, we observed a daily mean of 298 movements (arrivals and departures) of individual gulls at the landfill, which indicates a mean of 149 gulls used the landfill daily. This is similar to the estimated total number of gulls (143) that used the landfill daily based on turnover rate estimates. During chick-rearing and post-fledging, the number of gulls arriving and departing the landfill from direct observations was lower than the total number of gulls (number of movements/two movements per gull) that used the landfill daily based on turnover rate estimates during these same periods (Table 6) The number of adult Herring Gulls observed at the Erie County Landfill increased just prior to mean fledging (Fig. 2) . This change may be related to a reduction in energetic demands, as adults no longer had to forage extensively for chicks. Pierotti and Annett (1987) found that the diet of adult Herring Gulls changed to a lower quality food after chicks had fledged. Pierotti and Annett (1987) have also suggested that nonbreeding Herring Gulls can probably survive well on the protein and caloric values present in garbage, and that the availability of garbage may increase longevity. Garbage is a dependable source of food for gulls, requiring no special handling techniques (Davis 1975 ). Thus, garbage may be a readily available and nutritionally adequate source of food for adults after the breeding season. In addition, Annett and Pierotti (1989) suggested that garbage may not be detrimental to older gull chicks. We observed an increase in the occurrence of garbage in boli from chicks during mid-June, 4-6 weeks after the mean hatching date. Spaans (1971) also found garbage in the diet of older Herring Gull chicks.
A change in diet may also be due to the availability of food rather than to a preference for specific types of food. Spaans (197 1) concluded that a change in the diet of breeding Herring Gulls in the Netherlands was not related to the food requirements of chicks, but to the availability of food. In Witless Bay, Newfoundland, occurrence of fish increased six-fold after the peak in chick hatching (Haycock and Threlfall 1975) . However, this change in diet coincided with a migration of spawning fish into the Bay. We observed a decline in occurrence of fish and an increase in garbage in boli and food remains after fledging, possibly a consequence of decreased availability of fish. For example, white perch (Morone chrysops), a species we frequently found at Herring Gull nests and in chick boli, spawn near shore in Lake Erie during May, after which the adults move to deeper water (Scott and Crossman 1973) .
Time spent at the nesting colony by adult Herring Gulls decreased from incubation through post-fledging and was inversely related to the mean distance adults were observed away from the colony. Maximizing time at the nest site improves reproductive success, allowing increased attentiveness to eggs and care of chicks (Hunt 1972 Frequency and duration of visits to the landfill by female Herring Gulls was greater than that of males. However, overall use of landfills was minimal (< 4% of total time). Coulson and Butterfield (1986) and Coulson et al. (1987) found no significant difference in the average number of visits made by males and females to landfills. A greater presence at landfills by females during our study may be attributed in part to aggressive behavior during foraging. In competitive feeding situations at undisturbed sites, the smaller females are subordinate to the more aggressive males (Monaghan 1980, Greig et al. 1985) . Females, however, are more maneuverable and are able to compensate somewhat by foraging when landfill equipment is being operated (Greig et al. 1985) . Therefore, the greater frequency and duration of visits observed for females may be necessary to provide adequate opportunities to forage.
Most studies of gull behavior at landfills have emphasized foraging behavior on exposed refuse (Verbeek 1977; Burger 198 1; Burger and Gochfeld 198 1, 1983). We determined that most (62% overall) adult Herring Gulls observed at the landfill at any one time were not actively foraging. Rather, the majority were engaged in loafing or maintenance activities, suggesting that landfills provide opportunities suitable for other activities, such as social interaction. During the nonbreeding season in England, Coulson et al. (1987) similarly observed 60% of the adult Herring Gulls at any one time in activities other than foraging. Landfills in our study contained large, open areas with sparse vegetation that were relatively undisturbed by people and thus ideal for loafing or social interaction. Additional research is required to determine the proportion of gulls that use landfills for foraging in relation to the total population present. Also, as the majority of adult Herring Gulls observed at the landfill during this study were on non-refuse areas, habitat management techniques such as elimination of standing water and vegetation manipulation (Blokpoel 1976) should be investigated to assess their effectiveness in reducing overall gull use of landfills. gulls are not fully understood, but appear related in part to the availability of alternate food and possibly, the distance landfills are from the colony.
During our study, landfills were unimportant to nesting Herring Gulls, probably because alternate, higher quality food (fish) was available. Reutter and Hartman (1988) have reported that Lake Erie is the world' s largest freshwater fishery, with an annual harvest frequently greater than the combined harvests of the other four Great Lakes. That differences exist in previous studies on the importance of landfills to gulls suggests that results of a study apply in part only to the area studied. Therefore, the importance of landfills to breeding Herring Gulls currently should be considered on a site-specific basis.
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